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OUTLINE

•1 Background
2
•

Overview of Past Programmes on Space Re-Entry
involving UHTC developments

•3 Ongoing activities
•4 The European view on Space Re-entry and its
implications on UHTC developments

Use or disclosure of the information contained herein is subject to specific written approval from CIRA

2

BACKGROUND

HERMES (1987-1992)

1

PLASMA WIND TUNNEL
“SCIROCCO” (2001)
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BACKGROUND

ESA – From HERMES to FESTIP
studies (Hopper/Phoenix)

1

NASDA/NAL – HyFlex  HOPE-X,

• The National Aerospace Research Programme PRO-RA enlisted
space re-entry technologies as a strategic item and the USV
programme was launched
Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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BACKGROUND

1

LttP: THE USV PROGRAMME

• Hypersonic spaceplane-like reentry concept (flying testbed)
 Maneuverability
 Sharp leading edges
 High heat fluxes for long
duration

Need for Ultra-high
Temperature
Materials
5
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BACKGROUND

HOT STRUCTURES EU INDUSTRIAL SCENE

1

DLR (C/C)
MT Aerospace
(C/SiC)

SNECMA (C/C)

R&D Only
CNR ISTEC
(UHTC)
CSM
FN

•

High TRL Space Hot Structures capabilities mainly in France and Germany (CMC)

•

No significant industrial presence in Italy, vast capabilities at R&D level on UHTC (CNRISTEC), willingness of other research centres to spin-off activities (CSM, FN)
Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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OVERVIEW OF PROGRAMMES

2

• USV – Sharp Hot Structures
(2000-ongoing)

• Advanced Structural Assembly (Italian Space
Agency) (2004-2010)
• UHTC Winglet in EXPERT (ESA Programme)
(2006-on hold)

• SHARK (ESA Project)
(2010)
Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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UHTC NETWORK IN ITALY

Fabbricazioni
Nucleari

2

CNR-ISTEC
Officine Andalò

Centro Sviluppo
Materiali
University of
Rome

University of
Naples
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OVERVIEW OF PROGRAMMES

2

SHARP HOT STRUCTURES (2000-Ongoing)
First Temporal Arc (2000-2008)

2008
Nose_2

2004

•
•

•

2000

Massive
UHTC
Coating

UHTC
Coating on
C/SiC

Material Research

Nose_1

Nose_0

Technology Development
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OVERVIEW OF PROGRAMMES

2

SHARP HOT STRUCTURES (2000-Ongoing)
Materials Research
A: ZrB2-SiC+s.a.
B: (Zr,Hf)B2-SiC+s.a.

ZrB2-SiC

C: ZrB2-SiC with varying amount of LaB6
Surface properties
• Emissivity
• Catalycity

Unpredictable behaviour!
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OVERVIEW OF PROGRAMMES

SHARP HOT STRUCTURES

2

Nose_0 prototype was composed of a PIP C/SiC on a Graphite Core, coated with a
ZrB2-SiC UHTC by Plasma Spray Deposition (Manufacturing capability
demonstration)
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OVERVIEW OF PROGRAMMES

SHARP HOT STRUCTURES

2

The Nose_0 prototype was subjected to 3 consecutive exposures to the plasma flow in CIRA
SCIROCCO PWT. With same thermal load (833Kw/m2) but with progressively longer exposure
times.
The TA did not experience structural damages in the test nor any delamination of the coating.
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OVERVIEW OF PROGRAMMES

SHARP HOT STRUCTURES

2

Nose_1, bigger in size, was composed by a Graphite Core, enveloped in a PIP C/SiC structure,
coated by a ZrB2-SiC UHTC and jointed to a UHTC massive tip
Manufacturing scale-up issues led to uneven thickness in the coating, and in cracks and
delamination
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OVERVIEW OF PROGRAMMES

SHARP HOT STRUCTURES

2

After few seconds from the start, a dramatic failure occurred on the monolithic UHTC tip. The
failure occurred at the interface with the metallic bolt used in the tip assembly to the C/SiC
dome
Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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OVERVIEW OF PROGRAMMES

2

SHARP HOT STRUCTURES

Tip of the
threaded hole

SEM analyses highlighted defects induced by the
EDM machining, in size that doesn’t justify
the failure at the stress level achieved.

The starting point of the crack was identified in
the tip of threaded hole used for the
assembly tip. SEM analysis revealed a cone
crack probably caused by a shock occurred
after the integration of the TIP
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OVERVIEW OF PROGRAMMES

2

SHARP HOT STRUCTURES
2400

Temperature, °C
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•

Remachined and tested in CSM plasma
torch

•

10 min above 2100°C

•

840

960

•
Significant oxidation and erosion of the ZrB2-SiC composites
Weight loss of 7% associated with the loss of the original spherical profile of its tip
Use or disclosure of the information contained herein is subject to specific written approval from CIRA

16

OVERVIEW OF PROGRAMMES

2

SHARP HOT STRUCTURES

A second prototype was built, capitalizing on the experience made
with the nose 1, with thermo-mechanical design and manufacturing
modifications

Mechanical
interface
Coating

UHTC Nose Tip

•

Refined deposition
pattern

•

Lower thickness

New composition
having:

•

No threaded holes

•

Preload obtained
using a spring

•

Higher fracture
thoughness

•

Large contact
areas

•

Better expected
oxidation
performance

•

Different thermal
expansions
allowed

•

Assembling and
disassembling
allowed
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OVERVIEW OF PROGRAMMES

SHARP HOT STRUCTURES

2

Connection PIN and springs
Hole for the connection PIN

Fiber Optic
transducers

Fiber Optic connector
panel
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Nose_2
assembled
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OVERVIEW OF PROGRAMMES

2

SHARP HOT STRUCTURES

3 Consecutive Plasma Wind Tunnel tests were conducted on the
Nose_2 Prototype
The first test executed on the Nose_2 was the
replica of the test foreseen for Nose_1

The test was successful, no failure was
observed,
Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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OVERVIEW OF PROGRAMMES

SHARP HOT STRUCTURES

2

A second consecutive test was performed, increasing the heat flux up to 2100 KW/m2 for 108 s. The
measured temperature on the stagnation point of the tip was about 1800°C, and as shown in the
picture, no major damage was detected. Only a lateral restricted area, that was already damaged
during the machining process, was interested by a partial erosion

Finally a third consecutive run was carried out pushing the heat flux up to a level of 4.5 MW/m2
and after 30 seconds of exposure the test article dramatically failed

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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OVERVIEW OF PROGRAMMES

ADVANCED STRUCTURAL ASSEMBLY

•

Technology project funded by the Italian
Space Agency

•

Technology demonstration of an
innovative wing section structure
(reference: USV)

•

CIRA, together with ISTEC and CSM,
worked on a Ceramic leading edge,
together with being responsible for the
test of the whole article

•

Big size (500mm in length), monolithic
non-UHTC ceramic with a UHTC coating

•

Design thermal load not high (about
410kW/m2), but long exposure time
(about 20 minutes at the highest load)

Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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OVERVIEW OF PROGRAMMES

2

ADVANCED STRUCTURAL ASSEMBLY

The most challenging
job in the leading edge
design was, expectedly,
the realization of a
mechanical interface
able to prevent the
overheating of the
internal cold structure
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OVERVIEW OF PROGRAMMES

ADVANCED STRUCTURAL ASSEMBLY

2

In the plasma wind tunnel test the test article was exposed to an heat flux of 410 KW/m2 for a
duration of 20 min.

The test article
suffered from a
dramatic failure

The fracture started from the internal surface at a stress
level lower than half of the allowable stress of the
material at that temperature
The cause of the rupture was a deep groove left on the TA
by the diamond tool used for the manufacturing
It has been experimentally evaluated that such grooves
can reduce the structural strength of the material at less
than half of the original value
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ESA EXPERT – In-flight experiment of a UHTC winglet

2

EXPERT (European eXPErimental
Reentry Testbed) is a European
epxerimental re-entry capsule aiming
to obtain aerothermodynamic (ATD)
flight data to validate design tools,
ground test facilities and verification
techniques
Expert's mission is a suborbital
ballistic reentry flight. It is to be
launched from a Russian submarine
on a Volna rocket

CIRA Involvement

Testing

A small
PI of 3
payload (2
payload
UHTC
experiments
Winglets)

The tip of the winglets is expected to experience a 5.6 MWm-2 heat flux during the capsule reentry
The winglet was qualified for shock and vibrations in compliance to ESA requirements and
accepted for flight
Use or disclosure of the information contained herein is subject to specific written approval from CIRA

OVERVIEW OF PROGRAMMES

2

ESA EXPERT – In-flight experiment of a UHTC winglet

Complete 3D CFD and
thermal design of the model
holder
The winglet is located at the
end of the capsule, and it is
located downstream a
strong bow-shockwave.
The holder was intended to
reproduce a similar 3D
heatflux distribution on the
winglet.

Use or disclosure of the information contained herein is subject to specific written approval from CIRA

OVERVIEW OF PROGRAMMES

ESA EXPERT – In-flight experiment of a UHTC winglet

2

I/R thermograph acquisition during the
test, 35 sec after model in centerline (top)
and predicted CFD wall temperature in
test conditions (bottom).

The UHTC winglet sustained the load and
the test was interrupted due to a dramatic
failure of the model holder

Use or disclosure of the information contained herein is subject to specific written approval from CIRA

OVERVIEW OF PROGRAMMES

SHARK – Flight experiment of a UHTC component

SHARK is the first in flight experiment of an UHTC component
in EU, and the first time for a capsule deployment from a EU
sounding rocket
The specimen was machined from the Nose_2
The UHTC component suffered a rupture caused by the very
high thermal shock and possibly triggered by a defect
produced by the machining
The nose was subjected to a 9MW/m2 flux. The T within the tip
was around 800°C, the estimated T on the tip was 1200°C
when the fracture occurred
Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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OVERVIEW OF PROGRAMMES

LESSON LEARNED

2

•

Massive engineering work done on UHTC technologies, focus on the
integration of UHTC into complex structures

•

Engineering: the mixed results obtained showed that:
•
•
•

•

Monolithic materials, at their current state of development, can
only be considered suitable for very small parts
Even in very small parts, still a lot of work as to be done in
interface design and quality control
Current issues in machining strongly limit the possibility to
integrate sensors within UHTC structures

Materials: even at material level progresses are needed:
•
•

Oxidation resistance over 2000°C of the tested composition is
still not satisfactory
Surface properties unpredictable

Use or disclosure of the information contained herein is subject to specific written approval from CIRA

ONGOING ACTIVITIES
• In flight qualification of small UHTC components

• Monolithic UHTC with short SiC fibers

• UHTC coating on CMC
•

Novel techniques for CMC preforms
manufacturing

• UHTC coating on refractory metals
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ONGOING ACTIVITIES – IN-FLIGHT EXPERIMENTS

3

SCRAMSPACE

Small winglet as payload on
board the Australian
Scramjet-based Access-toSpace Systems
(SCRAMSPACE)
experimental spacecraft –
SCRAMSPACE I – scheduled
for launch in 2013.

The winglet to be mounted on the SCRAMSPACE is made of monolithic UHTC and of UHTC-coated
refractory metal
The payload will be equipped with thermocouples and pressure transducers
Use or disclosure of the information contained herein is subject to specific written approval from CIRA

ONGOING ACTIVITIES

UHTC-COATED CMC
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ONGOING ACTIVITIES

3

UHTC-COATED REFRACTORY METALS
Optimization on:
-

The UHTC Coating

-

Interface layers
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ONGOING ACTIVITIES
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THE EUROPEAN OUTLOOK

1) IXV

Current iteration of the IXV includes:
•
•
•
•

Ceramic C/SiC flaps (MT Aerospace)
Ceramic Nose SiC coated C/C (SNECMA)
C/SiC Windward tiles
Ablative TPS on the leeside

IXV Evolution will be discussed at ESA next Member States Representative Congress in November
•

Call for technology demonstration proposals

2) EU Aeronautics Strategic Research and Innovations Agenda
• Mentions UHTC
Use or disclosure of the information contained herein is subject to specific written approval from CIRA
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